Soil capacity as a major carbon (C) sink is influenced by land use. Estimates of soil organic carbon (SOC) sequestration have mostly focused on topsoils [0-30 cm official Intergovernmental Panel on Climate Change (IPCC) soil depth]. We investigated SOC stocks and their quality as influenced by land-use changes. Soil samples were collected from five soil depths down to 100 cm of three adjacent fields each representing a different land use-forest, cassava, and rice paddy-in Northeast Thailand. Sequestration of SOC in topsoils under all land uses was higher, as indicated by SOC stocks (59.0-82.0 Mg ha −1 ) than subsoils (30-100 cm) (27.0-33.0 Mg ha −1 ). The soil profile (0-100 cm) of the forest had higher stocks of SOC and humic acid (115.0 and 6.8 Mg ha −1 , respectively) than those of cultivated land uses [paddy (100.0 and 4.8 Mg ha −1 , respectively) and cassava (87.0 and 2.3 Mg ha −1 , respectively)], which accounted for an average 30% increase in SOC sequestration over those with only topsoil. Topsoils of the forest had higher humic acid content but narrower E4:E6 ratio [the ratio of absorbances at 465 nm (E4) and at 665 nm (E6)] of humic acids (2.8), indicating a higher degree of humification and stabilization than the cultivated soils (3.2-3.6). Subsoil C was higher quality, as indicated by the lower E4:E6 ratio of humic acids than topsoils in all land uses.
Introduction
Soil organic carbon (SOC) is the largest reservoir of C in active exchange with atmospheric carbon dioxide (CO 2 ), thus changes in the SOC pool exert substantial impacts on global climate [1] . Land-use changes from forest to cultivated lands, particularly in the tropics, are responsible for 12-20% of greenhouse gas emissions induced by humans [2, 3] . This land-use change is the second largest source of greenhouse gas emissions [2] , particularly CO 2 emissions [3] . The Food and Agriculture Organization (FAO) [4] reported that deforestation is occurring continuously at a high rate and accounts for 13 million ha each year. Conversion from forest to agricultural land involves burning of vegetation and surface litter and soil disturbance through plowing, which accelerates decomposition of both soil protected and non-protected SOC, which leads to changes in microbial communities and activities contributing to C loss. The C loss is not only in terms of CO 2 emission but also involves rapid loss of C by leaching to subsoils [5, 6] .
Estimates of global SOC stocks have mostly been based on studies of the topsoil (0-30 cm). The 30 cm soil depth is the Intergovernmental Panel on Climate Change (IPCC) standard sampling Soil organic carbon has humic and non-humic substance constituents [25] . The humic substances are the major fraction (85%) of soil organic matter (SOM) and have a greater influence on soil fertility through regulation of most soil processes compared to the non-humic counterpart [25, 26] . In order to study humic fraction, the E4:E6 ratio [the ratio of absorbances at 465 nm (E4) and at 665 nm (E6)] has been widely used [27] . The E4:E6 ratio is inversely related to the degree of condensation and aromaticity of the humic substances and to their degree of humification [25, 28] . Changes in field management practices can alter the chemical properties of soil humic substances [21] . Progressive decreases in humic substance concentrations in soils that were converted from forest to arable land farming were found in many studies [6, [29] [30] [31] . Such decrease is commonly attributed to microbial oxidation of the organic materials previously protected in soil aggregates but then destroyed by cultivation. Changes in C:N ratio after land-use change indicate variation in the degree of decomposition of SOM [32] . In general, cultivated soils have lower C:N ratios than forest soils due to lower C:N ratios of crop residue inputs and microbial decomposers [14] . Vertical patterns of soil C:N ratios in soil profiles have been shown to vary with ecosystems and land uses. In alpine grassland, there was no significant change in C:N ratio along the soil profile [33] , while some work showed declines in soil C:N ratio with depth in soils that originated from outcrops in southwestern Washington [34] , from glacial action in upstate New York [35] , as well as in temperate and boreal forests in eastern Canada [36] . In Northeast Thailand, tropical agronomic crops such as cassava, sugarcane, and paddy rice occupy a large area that was formerly covered by forest. There have been only a few studies in this region that have addressed the impact of land-use change on stocks of SOC and humic substances in topsoil [37] and on SOC stocks in soil profiles [38, 39] . Therefore, the present study was carried out to investigate comparative changes in soil potential for C sequestration between topsoils only and topsoils plus subsoils under different agricultural and forest land uses. In addition, this study investigated quality of C stock (sequestered C) with an emphasis on stabilized C (humic substances) in different layers and focusing on comparison of topsoils and subsoils under different land uses.
Materials and Methods

Study Site and Soil Sampling
The study site was located in Don Wan sub-district, Muang district in Maha Sarakham province, Northeast Thailand (16 • 02.301' N, 103 • 18.692' E; Figure 1 ). Three adjacent fields representing dominant land uses in the area were studied, including deciduous dipterocarp forest, cassava converted from forest five years ago, and paddy converted from forest >10 years ago. Both cassava and paddy land uses involved soil tillage, which was conventionally practiced in this region. The soils in forest and cassava fields were identified as the Chakkarat series (Oxyaquic Paleustults), while the soil in the paddy field belonged to the Ubon series (isohyperthermic Aquic Grossarenic Haplustalfs) [40] . The fields were located at different elevations, i.e., 200, 191, and 179 m above sea level for forest, cassava, and paddy lands, respectively. The climate at the study site is classified as savanna type (Köppen classification, [41] ) with distinct wet (May-October) and dry (November-April) seasons. Average monthly precipitation and temperature over the soil sampling period (July 2015-June 2016) are shown in Figure 2 (the Northeastern Meteorological Center Maha Sarakham province, pers com) in which a typical double-bell shaped pattern was found with two peak rainfall periods in September and the following June. The dry period was during November to the following March. The average temperature during the study period was 26.8 • C, and the total rainfall was 1055 mm, which is comparable to the 30-year mean rainfall in the area of the study site of 1070 mm year −1 . Soil samplings were conducted in the dry season after the crop harvest in March 2016. Random sampling was employed at 34, 27, and 37 sampling points in the areas of various land uses of forest (21 ha), cassava (5 ha), and paddy (13 ha), respectively ( Figure 1 ). At each sampling point, samples from five soil depths (i.e., 0-15, 15-30, 30-60, 60-80, and 80-100 cm) were collected using an auger. Soil samples were air-dried and passed through a 2 mm sieve for further laboratory analyses. 
Soil Physical Properties under Different Land Uses
Soil texture under paddy and cassava land uses were loamy sand at 0-80 cm depth, while at 80-100 cm, the textural classes were sand and sandy loam, respectively (Table 1) . Soil texture under forest at 0-60 cm was loamy sand, but at 60-80 and 80-100 cm, they became finer, i.e., sandy loam and sandy clay loam, respectively. These lower soil layers with finer texture were illuvial B horizon where clay had accumulated. In paddy land, soil texture was loamy sand with 80% sand content without appreciable change in soil texture down to 80 cm depth, where it became coarser textured (sand). Soil bulk density at 0-15 cm under all land uses was lower than that of the sublayers down to 100 cm ( Table 1 ). Soil incorporation of decayed fallen litter as well as remaining organic materials after crop harvests enhanced soil porosity for aeration and resulted in lower bulk density of the plough layer at 0-15 cm compared with the deeper soil layers. Soil moisture contents were higher in paddy soil than both cassava and forest soils throughout the soil profiles ( Table 1 ). The paddy area was located at a lower elevation than the other two land uses and, at the sampling time in March, some intermittent rain had started ( Figure 2 ), which may have raised the water table, resulting in higher soil moisture contents in the paddy compared to the other two land uses. 
Soil Analysis
Soil particle size distribution was determined using the pipette method [42] . Bulk density was determined at the five studied soil layers by taking the topmost 5 cm of each layer and employing the core method using core size 5 cm in diameter and 5 cm in height [43] , while soil moisture content was determined in the same soil samples as those of bulk density by the gravimetric method [44] through oven drying the soil in the soil cores. Total OC content was determined by potassium dichromate (K 2 Cr 2 O 7 ) oxidation (Walkley and Black wet digestion) and subsequent determination of the unreduced dichromate by oxidation-reduction titration with ferrous sulfate (FeSO 4 ) [45] . Total N contents were determined by micro Kjeldahl method [45] . Humic acid contents were determined using the International Humic Substance Society method (IHSS) [46, 47] . There are two major steps for determination of humic acid. Soil samples were extracted with 0.1 M solution of NaOH at a soil: solution ratio of 1:5, and crude humic acid precipitate at pH 2 was purified. The UV-VIS analysis gave an E4:E6 ratio of humic acids, which was performed according to Chen et al. [48] . Soil bulk density (Table 1 ) was used to calculate C and humic acid stocks. Corrections were applied to the calculated soil C and humic acid stocks by comparing the soil mass [9, 49] from the agricultural land use with the mass from the original forest land use, both at 1 m, according to Equation (1):
Layer thickness (cm) = (Mf/Mm) × 100 cm (1) where Mf (g cm −3 ) is the mean soil bulk density of the forest soil at a given depth, and Mm (g cm −3 ) is the mean soil bulk density for each studied layer after forest conversion at the same depth. After correcting the equivalent soil layer, we calculated the stock of SOC (Sc) and humic acids (Ha) by Equation (2):
and:
Statistical Analysis
One-way ANOVA was used to analyze various soil parameters under different land uses. The data were checked for normality and homogeneity of variances to meet the assumptions for ANOVA. Means comparisons among the different land uses and soil depths were carried out by least significant difference (LSD) and were considered significant and highly significant at p < 0.05 and p < 0.01, respectively. Relationships between SOC and humic acid stocks were performed using Spearman's correlation analysis. Statistical analyses were performed using Statistix 8.0 software (Analytical Software, Tallahassee, FL, USA).
Results and Discussion
Carbon Sequestration in Topsoil and Subsoil
Forest soil had higher SOC stocks (115.0 Mg ha −1 ) in the soil profile down to 100 cm than paddy (100.0 Mg ha −1 ) and cassava (87.0 Mg ha −1 ) soils, although the differences were not significant (p > 0.05). Meanwhile, SOC stock in topsoil (0-30 cm) was significantly higher than subsoil (30-100 cm) in all land uses (p < 0.05) ( Figure 3a ). Carbon stocks in topsoils (0-30 cm depth) of the three different land uses ranged from 59.0 to 82.0 Mg ha −1 (Figure 3a ) and accounted for 68-73% of total SOC stock in the whole soil profile. These carbon sequestration values were of the same magnitude as those found in the literature; for example, soil under pure Cedrus deodara forest had SOC stocks that amounted to 49.0 Mg ha −1 higher than those of agricultural land (29.0 Mg ha −1 ) throughout a 0-30 cm soil depth [50] . In subsoils (30-100 cm), carbon sequestration was approximately two-to three-fold less than that in the topsoils, as the SOC stocks of subsoils were in the range of 27.0-33.0 Mg ha −1 in the three land uses studied ( Figure 3a ). However, subsoil C represented an average of 30% of the total C sequestered in the soil profiles (29, 32 , and 27% of total SOC under forest, cassava, and paddy, respectively) ( Figure 3b ). This finding that subsoil is an important storage site for SOC is supported by a recent study of C sequestration in an Oxisol in an Amazonian forest [51] , which found that only 22% of C in the whole soil profile was in the topsoil, 52% was in the top meter, and 84% was down to 3 m. Based on this finding, the researchers recommended evaluating subsoil C sequestration even down to 3 m [51] . Our findings provide additional empirical support for the need to take subsoil into account as an important C sink that may make a major contribution to global C sequestration and thus exert an impact on climate change.
Carbon Loss Due to Land Use Change
The field planted to cassava suffered greater soil degradation than the paddy field, although both land uses had decreases in their SOC stocks relative to forest. The SOC stock of cassava decreased by 28.0 Mg ha −1 compared to the stock in the original forest. This decrease was in the range reported by Lal [52] of 30.0-40.0 Mg ha −1 loss in most croplands. Increased C sequestration under cassava land use might be achieved through employing restorative agricultural practices such as minimum tillage and growing of ground cover crops.
Conversion from forest to agricultural land uses resulted in a decrease of SOC stocks, most notably in the topmost layer (0-15 cm depth) in which cassava land use showed the lowest C stock, which was significantly lower than the forest (Figure 3c ). Paddy land showed a trend toward a lower C stock than forest but remained higher than cassava. The SOC stocks, in both absolute and relative terms, under all land uses were significantly smaller in the lower four layers (15-30, 30-60, 60-80 , and 80-100 cm) than in the topmost layer (Figure 3c,d) . The bottommost layer (80-100 cm depth) joined the topmost one in having significantly different C stocks (absolute values) among land use types, i.e., the C stock under the forest was the highest, which was significantly higher than the paddy (p < 0.05). Cassava had an intermediate C stock in the bottommost later but was not significantly different from forest and paddy (Figure 3c ). Many studies have reported higher amounts of SOC in upper horizons than deeper horizons in both forest and cultivated soils [16, 31, 53, 54] . Enhanced SOC accumulation in the topsoils have resulted from decomposition of organic materials from various sources: dead organisms (e.g., animals, insects), fallen leaf litter, and root exudates. Our study revealed that conversion of forest to cultivated lands (i.e., paddy and cassava) reduced SOC stocks of the whole soil profile (0-100 cm) by 13 and 24% relative to forest in paddy and cassava, respectively. An earlier investigation in Northeast Thailand by Tangtrakarnpong [55] found that SOC contents at 0-15 cm depth were reduced by 78 and 24% upon conversion of forest to cassava and paddy fields, respectively. Forest soil at 0-30 cm soil depth under dominant vegetation of Cedrus deodara in Pakistan had higher SOC stocks (49.0 Mg ha −1 ) than agricultural land (29.0 Mg ha −1 ). The SOC stock of the agricultural land was decreased by 41% of the original forest [50] . In addition, Don et al. [5] reported that conversion of primary forest to croplands led to a decrease in SOC stock in 0-32 cm soil depth by 20.0 Mg ha −1 , equivalent to a relative decrease of 25%. Likewise, in Nepal, Dhakal et al. [56] found that conversion from forest to cultivated land decreased SOC stocks by 66% in the top 0-13 cm soil layer. More striking decreases of SOC stocks were found in Ethiopia due to forest conversion to cultivated lands, i.e., 58% in the topsoil (0-15 cm) [57] and 63% (0-10 cm) after a 30-years cultivation period [58] . These research results show that land use conversion from forest to cultivated land without appropriate soil management has led to loss of accumulated SOC in these soils relative to original SOC levels under forest. In cultivated land, removal of crop residues after harvest from soil is a major cause of loss of SOC from the soils. The meta-analysis by Xu et al. [59] found that corn stover removal reduced final SOC stocks by 8% in the upper 0-30 cm compared to the values when stover was retained. In land under forest, SOC accumulation in the soil profile was high due to consistent litter input without removal and little soil disturbance due to no soil tillage, which are characteristics of a natural ecosystem that differ from an agricultural system [60] [61] [62] .
Chemical Composition of Carbon in Topsoils and Subsoils
Humic acid stocks, ratios of E4:E6 of humic acids, and C:N were parameters used in this study to reflect chemical composition of SOC under different land uses. Forest topsoil (0-30 cm) had the significantly highest absolute amount of humic acid stocks (4.3 Mg ha −1 ), followed by paddy (2.4 Mg ha −1 ) and cassava (1.4 Mg ha −1 ) topsoils (p < 0.05) (Figure 4a ). However, in the subsoil 30-100 cm layer, the paddy soil had significantly higher humic acid stocks (2.4 Mg ha −1 ) than the forest (1.5 Mg ha −1 ) and the cassava (0.9 Mg ha −1 ) (p < 0.05). Humic acid stocks of the whole soil profile (down to 100 cm depth) were significantly higher in the forest soil (5.8 Mg ha −1 ) than the paddy (4.8 Mg ha −1 ) and the cassava (2.3 Mg ha −1 ) soils (Figure 4a ). Humic acid stocks in the whole soil profile (0-100 cm) under converted land uses (i.e., paddy and cassava) were reduced by 17-60%, and those in 0-30 cm depth were reduced by 44-67% compared to the forest soil. Comparable findings were reported in a study of humic acid stocks of converted land uses (i.e., citrus, conventional coconut) from native forest in Brazil in which humic acid contents at 0-30 cm soil depth were reduced by 45% in citrus and 28% in coconut [31] . Similarly, a study in Northeast Thailand by Tangtrakarnpong [55] showed that humic acid contents at 0-15 cm depth of a forest soil were higher than cultivated soils (i.e., rice, cassava, and sugarcane). Cassava resulted in a 78% decrease in humic acid content relative to that of the forest, while paddy had a 24% decrease. Humic acids were enhanced in the forest topsoils due to large amounts of fallen leaf litter and the undisturbed condition of the soil surface. These factors led to humic acids formation and accumulation in the upper soil layer. Moreover, humic acids are vital as cementing agents for aggregate formation, especially microaggregates [60] , which contribute to stabilization and accumulation of SOC. This was highlighted in the current study, which found that the forest soil had high humic acid contents, leading to enhanced SOC accumulation, especially in the topsoils (0-30 cm). In addition, we also found a highly significant positive correlation between whole SOC and humic acid stocks (r = 0.788 **) in the soil profile (0-100 cm) ( Figure 5 ).
Regarding the relative amount of humic acid stocks in the topsoils, (0-30 cm) in comparison to the subsoils, forest topsoil had the highest relative humic acid stock (75% of the whole soil profile humic acid stocks), followed by cassava (61%) and paddy (50%) (Figure 4b ), whereas the forest subsoil (30-100 cm) had the lowest humic acid stock (25% of whole soil profile humic acid stock), while the paddy subsoil had the highest relative humic acid stock (50%). Cassava had intermediate humic acid stock (39%). Accumulation of humic acid in subsoils (30-100 cm) under paddy land use may have been due to downward movement of low molecular weight (MW) dissolved organic matter (DOM) derived from rice straw decomposition. Rice straw has been found to decompose rapidly in an early stage under submerged [63] and aerobic [64] conditions and generated significant amounts of dissolved organic C (DOC), which was leached to subsoil layers [65] . The DOC was used as microbial substrates and transformed into humic acids. Forest soils received lignin rich litter from forest trees-which were conducive to humic substance formation-as opposed to paddy, in which input was low lignin, high cellulose rice straw. Humic acid under forest tended to be persistent in the topsoils as compared to paddy [55] .
When considering distribution of humic acid stocks in each soil depth within 0-100 cm, humic acid stocks in absolute and relative terms in all land uses were highest in 0-15 cm soil depth and gradually decreased with depth, as indicated by humic acid stocks of various layers down the soil profile (15-100 cm) (Figure 4c,d) . Paddy soil had significantly higher absolute and relative amounts of humic acid in 80-100 cm than cassava and forest soils. We speculated that humic acids in paddy soil were of low MW and low degree of aromaticity. These low MW humic acids are easily leached from topsoils to subsoils during rainy seasons. It was found that, upon decomposition, rice straw produced a large amount of aliphatic C functional group constituents of labile C compounds [66] . These C compounds are soluble and less adsorbed to soil colloidal surfaces than the aromatic C compounds. A narrow E4:E6 ratio of humic acids indicates more complex molecular structure and degree of polymerization of the humic acids than a wider ratio [27] . This characteristic of humic acids can indicate C stabilization and C cycling in terrestrial ecosystems. In comparing the quality of humic acids of different soil layers down the profile, it was found that humic acid E4:E6 ratios were higher in topsoils (0-30 cm) than subsoils (30-100 cm) (p <0.05) under all land uses ( Table 2) . On comparing E4:E6 ratios among different land uses, only the ratio in 15-30 cm under paddy was significantly higher (3.37) than those under forest (2.56) and cassava (2.85) topsoils (p < 0.05). Means in the same column followed by different lowercase letters, indicate significant difference of the ratios under different soil depths in each land use, and means in the same row followed by different uppercase letters, indicate significant different ratios among the different land uses in each soil depth (LSD), p < 0.01, **; p < 0.05, *. ns; not significantly different (p > 0.05). CV; coefficient of variation.
The ratio of soil C:N exhibited lower values with increasing soil depth ( Table 3 ). The ratio of C:N in various soil layers tended to be higher in 0-60 cm layers than in 60-100 cm layers under all land uses. When considering the ratio at different depths throughout soil profiles of each land use type, only the C:N ratio under the forest exhibited significant differences among soil layers, i.e., it was significantly higher in 0-60 cm than in 60-100 cm (p < 0.01). Humic acid E4:E6 ratios were found to be higher in cultivated soils than those in forest soil, which supported those reported in the literature such as Reddy et al. [67] and Martin et al. [68] . Humic acids in the forest topsoil, which contained inputs from newly fallen leaf litter, had a lower degree of humification, as indicated by the higher E4:E6 ratio of humic acids and a wider C:N ratio than the subsoils, which did not have fresh inputs of organic materials. These results were compatible with those of a study in temperate peat-marsh soils in Poland, which showed that the E4:E6 ratio of humic acids in topsoil (5-10 cm) was higher than in subsoils (50-70 cm) [69] . In agricultural soils, soil disturbances pertaining to cultivation, such as soil tillage, may have interrupted humification processes, since we found higher E4:E6 ratios of humic acids and C:N ratios in topsoils than subsoils under both cassava and paddy land uses. Accumulated SOC in paddy soil was not developed to an advanced stage along the humification process, as evidenced by a higher E4:E6 ratio of humic acids than those from the other two land uses ( Table 2) . Rice straw and stubble remaining in the fields after the rice harvest have high cellulose contents that, upon decomposition, released a large amount of low MW DOC, leading to a buildup of new labile SOC with a smaller degree of aromaticity. Kunlanit et al. [66] reported that decomposition of rice straw was rapid and produced high amounts of aliphatic C constituents. The cassava soil in this study had SOM, which had a higher degree of polymerization, as indicated by lower values of the E4:E6 ratio of humic acids than in the paddy soil. Cassava cultivation returns lower amounts of residues to soil and involves less soil disturbance by agricultural practices than paddy cultivation. In addition, land use change from forest to cassava cultivation in this study had taken place for shorter time (five years) than that of the paddy (over 10 years). These results were similar to those of Tangtrakarnpong [55] , who studied the effects of land use change from forest to agricultural land in Northeast Thailand and found that paddy soil had a higher E4:E6 ratio of humic acids than cassava and forest lands.
Our results showed that the C:N ratios of the whole soil profiles for the three land uses were similar, although some other researchers have reported that C:N ratios of cultivated soils were lower than those of forest soil due to lower C:N ratios of crop residue inputs and microbial decomposers in the subsoils [14] . A few studies found that land-use changes from natural grassland to cropland did not alter soil C:N ratios [70, 71] . In the current study, we found trends of C:N ratio decreasing with soil depth in all land uses. This was similar to the findings of Gao et al. [72] , who also found that the C:N ratio declined as soil depth increased. The pattern of C:N ratios decreasing with soil depth paralleled that of the increased degree of humifcation indicated by the decreases in the E4:E6 ratios in all land uses. This pattern yielded a significant correlation (r = 0.423 *) (data not shown) between C:N ratio and E4:E6 ratio, which showed that the C:N ratios decreased with an increased degree of humification. The results of decreasing E4:E6 ratio and C:N ratio with soil depth serve to show that subsoils have more humified SOC than topsoils. These more humified SOCs are more stable, which should contribute to C sequestration in the long term.
This study found that conversion of natural forest to agricultural land led to lower soil fertility as a consequence of reducing SOC accumulation in the agricultural lands. Thus, restorative agricultural practices such as maximizing the return of crop residues and minimizing soil disturbances are recommended to achieve increased soil productivity and SOC sequestration.
Conclusions
Our results show that degraded course-textured agricultural soils in Northeast Thailand have considerable potential to be a sink for atmospheric C. The degraded soils under agricultural land uses have greater potential to sequester additional C than the soil under natural forest due to their decreased SOC stocks in their overall soil profiles (0-100 cm). The decreased SOC sequestration in agricultural soils frees up locations in the soil matrix that can stabilize newly formed humic substances. Although the largest share of SOC was found in the topsoil (0-30 cm), we found that the subsoil (30-100 cm) accounted for an average of 30% of the total amount of C in the whole profiles in all land uses (natural forest and agricultural land uses) in our study. Based on this finding, we suggest that estimates of the C sequestration potential of soils should be based on data on the amount of SOC in the soil profile down to 100 cm depth rather than only in the topsoil (0-30 cm), as is the current practice.
Our study also found that soils under different land uses varied in the quantity and the quality of SOC they contained. Cassava land use caused severe land degradation, as indicated by its reduced stocks of SOC and stabilized C (humic acid) compared to those of the original forest, whereas paddy land use did not bring about severe decreases in SOC and stabilized C stock relative to the original forest. However, the quality of paddy's sequestered SOC was lower than that of the original forest, as seen in the low degree of SOC humification and, hence, its low degree of stabilization. Quality, in addition to quantity of SOC, indicates the potential of soil for C sequestration. The C in subsoils (30-100 cm) was found to be of higher quality than that in topsoil (0-30 cm) for SOC sequestration due to the former's higher degree of humifcation, indicating higher C stabilization.
Therefore, this study conclusively showed that agricultural land uses have degraded SOC both in quantity and quality compared to the original natural forest. However, the cassava land use caused more severe degradation than the paddy land use. Restorative agricultural practices such as return of crop residues and minimization of soil disturbances are recommended to achieve increased soil productivity and SOC sequestration.
